An inhibitory substance was obtained from culture filtrates of Platydorina caudata Kofoid, (a colonial, green flagellate), in which death of the culture had occurred. The cessation of growth occurs before, and is seemingly independent of, medium depletion. The substance can be detected as early as the 15th day, and by the 25th day growth is completely suppressed. A bioassay method for quantitating the activity of the substance was devised. The substance is heat-labile, nondialyzable, acid-labile, and apparently specific for Platydorina. The substance resists short periods of freezing and bacterial contamination.
MATERIALS AND METHODS Isolation. The strains employed for this study were Platydorina caudata Kan-3H, Kan-lE, and I. U. 850. The I. U. 850 strain was isolated from soil by Dr and deposited in the culture collection of algae at Indiana University. The Kansas strains 3H and IE were obtained by the author as plankton from a natural population collected in 1965 in Neosho County, Kansas. From these natural collections individual colonies were isolated by micropipette under a dissecting microscope with substage illumination. Individual colonies were washed in 10 changes of autoclaved soil-water supernatant to obtain bacteria-free isolates.
Culture Techniques. Cultures were maintained at 200. Light was supplied by banks of cool white fluorescent tubes giving an intensity of 250 to 300 ft-c. A regime of 8 hr darkness and 16 hr light was provided by a clock mechanism. Stocks were maintained in 18-X 150-mm Pyrex culture tubes of a modified volvox medium (18) , hereafter referred to as platy medium. The volvox medium was modified by diluting biotin and increasing slightly the nitrogen concentration. Under these conditions the strains were transferred every 14 days. The preparation of platy medium is described elsewhere (5) . The cultures used for the production of the autoinhibitory substance were grown in 500 ml of platy medium in 2000-ml Erlenmeyer flasks.
Growth Estimation. Estimates were made by measuring optical density at a wave length of 400 m,u in a Bausch and Lomb Spectronic 20 spectrophotometer. Packed cell volume was determined after 10 min. of centrifugation at 1530g, using 10-ml graduated centrifuge tubes.
OBSERVATIONS
During a recent physiological investigation of P. caudata Kofoid, observations were made which suggested the presence of an autoinhibitory substance. It was noticed that under axenic conditions quite high peaks of growth are achieved, followed by a rapid decline in colony number and then culture death. To check whether some factor in the medium was limiting, culture medium in which the organism had ceased growing (hereafter referred to as conditioned medium) was filtered, divided into 10-ml samples, and supplemented with individual medium components such as vitamins, metals, and nitrogen, in amounts comparable to their concentration in fresh medium. Fresh platy medium was used for controls. All tubes, including the controls, were autoclaved and inoculated. Growth was excellent in all tubes and identical for the first 288 hr. The experiment was repeated several times with similar results. However, when conditioned medium was sterilized by Millipore ifitration rather than by autoclaving, no growth was observed suggesting that some heat-labile substance produced by Platydorina stops growth before, and independently of, medium depletion. Figure 1 shows typical growth responses for Platydorina in fresh and autoclaved conditioned medium. Growth for the first 12 days is identical in the two media. However, the stationary phase is reached in the autoclaved medium on the 11th to the 13th day after inoculation, but not until the 20th day in the fresh platy medium. This is not surprising inasmuch as the autoclaved conditioned medium had already supported one previous phase of growth without the addition of any nutrients.
Bioassay of the Autoinhibitory Substance. The bioassay of the autoinhibitory substance was performed in the following manner. as the 15th day after inoculation. In order to determine the time of appearance of the autoinhibitory substance in a growing culture, 20 ml of the culture medium were aseptically withdrawn at 5-day intervals and assayed for autoinhibitory activity. The results are in Figure 2 .
To ascertain to what extent dilution of the conditioned medium was possible with the retention of at least partial autoinhibitory activity, conditioned medium from cultures in which growth had ceased was harvested and then diluted to various concentrations with fresh medium. The various dilutions were assayed for autoinhibitory activity. Figure 3 shows the results of a typical dilution experiment. Variations were observed with different batches of conditioned medium, and these variations were attributed to factors such as strain differences and the time at which the conditioned medium was harvested.
Specificity of the Substance. In order to determine the degree of specificity of the substance, conditioned medium was harvested, divided into 10-ml samples, and inoculated with several colonies of closely related members of the family Volvocaceae. The substance produced by P. caudata apparently exerted no effect on the growth of Volvox carteri, Pleodorina californica, Eudorina elegans and Pandorina charkowiensis.
Lability of the Substance. Activity of the autoinhibitory substance is completely destroyed by autoclaving. In order to determine the degree of heat lability, 10-ml samples from a single batch of conditioned medium were placed in each of several test tubes and heated for 1-and 2-hr periods at temperatures ranging from 30 to 900. At the end of this time each tube was bioassayed for autoinhibitory activity. The results are summarized in Table I . Heat inactivation curves at both 500 and 60°were obtained from conditioned medium with an initial 100% autoinhibitory activity (Fig. 4) .
Effects of Freezing and Bacterial Contamination. Ten-milliliter samples of a single batch of conditioned medium were frozen for periods of 24, 48, and 72 hr. No decrease in activity was observed. In order to study bacterial contamination and its effects upon activity of the autoinhibitory substance, 10-ml samples were exposed to contamination by removing the metal caps and leaving the culture tubes exposed to the air for a period of 2 hr. At the end of this period the tubes were capped and the conditioned medium was incubated with the air-borne bacteria for periods of 24, 48, and 72 hr. The bacteria were subsequently removed by Millipore filtration, and the medium was examined for inhibitory activity. No decrease in activity was observed. Effect of Dialysis. To gain some insight about the molecular size of the autoinhibitory substance and to examine further the possibility that cessation of growth might be caused by the depletion of some important component of the medium, 10-ml samples of conditioned medium were dialyzed against fresh platy medium for periods varying from 24 to 72 hr. The medium was changed at least every 12 hr (approximately 400 ml per change). The dialysis was carried out at 15°utilizing a magnetic stirrer to aid diffusion. The results of the experiment are summarized in Table II .
Hydrogen Ion Stability. Stability of the autoinhibitory substance in various concentrations of acid was examined as follows: 10-ml samples from a single batch of conditioned medium with an original pH of 7.4 were placed in each of several tubes and titrated to pH values ranging from 2.0 to 6.0 with 1 N HCI, then back to pH 7.0 with 1 N NaOH. The samples were then Milliporefiltered, inoculated with bacteria-free colonies, and incubated under standard culture conditions. After 15 days of incubation, growth was assayed and the percentage activity was computed. The results are shown in Table III. Proteolytic Enzymes. Many difficulties have been encountered in examining the effects of the proteolytic enzymes upon the inhibitory substance. This has been due primarily to the unstable nature of the inhibitor produced by Platydorina and the fact that it is present in rather low concentrations. This has made it difficult to remove the proteolytic enzymes from the substance in order to assay for activity. However, by using trypsin and inactivating with a soybean inhibitor, preliminary results suggest that the inhibitory substance produced by Platydorina is destroyed by this enzyme. Further experiments will have to be conducted before we can say with absolute certainty that the substance is destroyed by the proteolytic enzymes.
DISCUSSION
The relationship of the autoinhibitor to the growth of Platydorina was examined over a 60-day period. It was observed that there is a sharp rise in the activity of the inhibitor between the 10th and 15th day. By the 25th day the autoinhibitory activity is 100%1, and there is no further increase in the packed cell volume.
A degradation of the substance begins after the 40th day, and it continues thereafter at a rapid rate. Sixty days after inoculation no activity can be observed. Growth of the remaining colonies is not resumed inasmuch as death of the Platydorina population occurred 5 to 10 days after cessation of growth.
The effects of dilution of the autoinhibitory substance produced by Platydorina varied tremendously with the strain used and the 9 + v 9 time at which it was harvested. The substance could usually be Levring (11) and Denffer (1) postulated that autoinhibitory agents prevent mitosis. In the present study it was observed that nondividing colonies survived several days after activity of the substance has reached 100%, also suggesting that the substance, in some manner, affects mitosis. However, it must I50 C ss SOC~V-_ 30 40 50 E * minutes y Platydorina. The solid line represents heat inactivation at 600, and the be remembered that any metabolic inhibitor would eventually have the end result of stopping mitosis. Swanson (22) studied the effects of chlorellin on the various metabolic pathways of Chlorella and found respiration to be markedly affected. A combined cytological and physiological examination could be of interest in locating the exact site of action of the substance produced by Platydorina.
It was demonstrated that the autoinhibitory substance is extremely heat-labile. Temperatures of 600 quickly destroyed the activity of the substance while exposure to 50°inactivated the substance more slowly. In general, the inhibitory substances of most algae are completely destroyed by autoclaving (3, 14, 19, 21) . However, Microcystis and Anabaena produce a substance (13) which is heat-labile only in alkaline solutions and not in neutral media (20) . The substance produced by Platydorina is nondialyzable, and presumably of high molecular weight. It is also quite acid-labile. Exposure of the substance to a pH of 2.0 for only 30 min destroyed most of the activity. However, it is unaffected by short periods of freezing and exposure to bacterial contamination. Preliminary results also suggest that it is destroyed by the proteolytic enzyme, trypsin.
